Abstract: This paper deals with an optimal ordering policy for non-deteriorating item with power demand under trade credits. The shortages are allowed and combination of backlogged and lost sales. Mathematical model is developed under two different situations, i.e., case 1: the permissible delay period is less than time to finish positive inventory and case 2 trade credit period is greater than or equal to time to finish positive inventory. Numerical examples are provided to illustrate the algorithm and theoretical results. The sensitivity analysis is provided on the optimal solution. The second order approximations are used for exponential terms to find the complexity on the optimal solution.
Introduction and literature review
In modern days, an industry has to fulfil so any other objectives along with the basic objective of profit maximisation. Maximisation of sales, revenue growth of the industry, long run survival and others are some objectives for which a firm has to deal with cost is one factor which is directly related to production. Cost analysis helps in achieving optimal high quality production at low cost. The main goal of an industry is to achieve maximum profit. Price is the most important factor affecting the demand for a product. Demand for a product increases when items price falls. Yang (2014) established an EOQ model under stock-dependent demand and stock-dependent holding cost with relaxed terminal condition under shortages. Ghiami and Williams (2015) considered a single manufacturer multi-buyer model for a deteriorating product with finite production rate. Jiangtao et al. (2014) proposed a multi-product EOQ model for perishable item for stock-dependent demand and two level trade credits. Sarkar et al. (2014) proposed an EMQ model for the selling price and the time dependent demand pattern in an imperfect production process. Wu et al. (2014) proposed an EOQ model for a seller by incorporating the facts: 1 deteriorating items not only deteriorate continuously but also have their maximum life time 2 credit period increases not only demand but also default risk. Qin et al. (2014) established an inventory model for quality dependent demand.
At present scenario, it is often seen that a buyer permits some grace period before settling the account. This process is beneficial for both vendor and buyer. The trade credit produces two benefits to the producer:
1 it motivates customers who want a discount 2 it may be applied as an alternative to a discount price.
Inventory models with trade credit were first developed by Goyal (1985) . Teng et al. (2012) developed an EOQ model under trade credit financing with increasing demand. Khanra et al. (2011) established an inventory model for a deteriorating item having time induced demand when credit period is allowed. Sarkar (2012) presented a model in which demand rate and deterioration both are time varying. Abad (1996) extended the model of Goyal (1985) with joint price and lot size deterioration with incremental quantity discount offered by the supplier. Saiedy and Moghadam (2011) studied on inventory problem where the shortages were combination of backlogged and lost sales and the permissible delay in payments dependents on the order quantity. Aggarwal and Jaggi (1995) extended Goyal's (1985) model for exponential deterioration rate under the condition of permissible delay in payments. Hwang and Shinn (1997) developed an EOQ model under permissible delay in payment with discount for perishable products. Shah (1993) established probabilistic inventory model for deteriorating items under the conditions of permissible delay in payments. Jamal et al. (2000) considered an EOQ model where the retailer can pay the wholesaler either at the end of the credit period or later, including interest charges on the unpaid balances for the overdue periods. Chung and Huang (2003) extended Goyal's (1985) model to consider the case that the units are replenished at a finite rate under permissible delay in payments and developed solution procedure to determine the retailer optimal ordering policy. Chang et al. (2003) developed an EOQ model for deteriorating items under supplier credits linked to order quantity. Chang (2004) proposed an inventory model under a situation in which the supplier provides the purchaser a permissible delay of payments if the purchaser orders a large quantity. There are several interesting papers related to permissible delay in payments such as Liao et al. (2000) , Khouja and Mehrez (1996) , Huang and Hsu (2008) , Ouyang et al. (2006) , Huang (2003) , Chang and Teng (2004) , Ouyang and Chang (2013) , Chang et al. (2010) , Li et al. (2014) , Lou and Wang (2013) and Teng et al. (2013) . All the above researchers established their EOQ or EPQ models under trade credit financing by assuming that the demand rate is either constant or variable. However, in real life situations, for certain types of goods, the consumption rate in influenced by the inventory level. It is observed that a large pile of commodities on shelf in a supermarket will cause the customer to purchase more than generate higher demand. This occurs because of its popularity, visibility or variety or quality. Thus, building up inventory has a positive impact on the sales as well as profit. Yang et al. (2010) developed "inventory lot size model for deteriorating items with stock-dependent demand rate". Teng et al. (2011) established inventory model for stock-dependent demand under progressive payment scheme. Alfares (2007) established the inventory policy for an item with a stock-level dependent demand rate and a storage time dependent holding cost. Goh (1992) considered the inventory model in which the demand rate is inventory induced and the holding cost is time varying. Goyal and Chang (2009) provided an inventory model to determine the retailer's optimal order quantity and the number of transfers per order from the warehouse to the display area. Hou (2006) proposed an inventory model for deteriorating items with stock-dependent consumption rate and shortages under inflation and time discounting over a finite planning horizon. Teng et al. (2005) formulated EOQ model for deteriorating items and non-zero ending inventories. Other related analysis on inventory system with stock-dependent consumption rate have been performed by Soni and Shah (2008) , Tripathi (2015 Tripathi ( , 2017 , Tripathi and Singh (2015) , Shah et al. (2013) and Wang et al. (2014) .
The remaining of the paper is framed as follows: The notations and assumptions are used Section 2 followed by mathematical formulations. Optimal solution and some useful theoretical results are carried out in Section 4. Algorithm is discussed in Section 5. Numerical examples are provided in Section 6 to illustrate the theory and the procedure followed by managerial implication for the variation of parameters in Section 7. Finally, we draw a conclusion in the last section. , , for , , , for
Notations and assumptions
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Assumptions
1 The demand rate is stock-level dependent.
2 Shortages are allowed including backlogged and lost sale.
3 Planning horizon is infinite.
4 The inventory system involves only one item.
5 The lead time is negligible. 6 Ordered item is received fully.
Mathematical formulation
The inventory system can be considered according to the above assumptions as follows:
At time t = 0, the retailer orders and receives Q units of a single item from the producer. The level of inventory decreases during [0, T 1 ] due to power demand only. During time T 1 to T shortages are allowed. The inventory equations are:
Under the condition I(0) = Q and I(T) = -S. The solution of the above differential equations are given by ( ) ( )
Figures 1 to 5 can be explained as follows.
In Figure 1 , bold vertical line shows completely backlogged, i.e., γ = 1, it means that shortage is compensable. In Figure 2 , dotted vertical line indicates that completely lost sales i.e., γ = 0, it means that shortage is not compensable. Figures 3 and 4 show cases 1 and 2, respectively. In Figure 5 , partial shortage is compensable.
Based on the above assumption the planning horizon is infinite, we have presented and studied the model over a reorder during [0, T] . Two cases may arise that are shown in Figures 3 and 4 , respectively. In Figure3, inventory level is completed after the time of permissible delay (i.e., m < T 1 ) to met for delay penalty. In Figure 4 , customers does not pay any charges.
The components of total average cost per unit time of the system are as follows:
1 The ordering cost per unit
2 The inventory holding cost per unit time
3 The shortage cost per unit time (for backlogged mode) is
4 The shortage cost per unit time (for lost sale mode) is
Since m ≤ T 1 , the interest earned is given by:
1 The earned interest is obtained at two models separately that both are similar ( 1 0 ) 2 The delayed payment charged (penalty) is obtained at two modes separately where both are similar
( 1 1 ) Therefore, the total average cost/unit time is
(1 )
( 1 2 ) 
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Determination of optimal solution
Differentiating (12) and (14) partially two times with respect to T 1 and T, we get ( ) 
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where respectively. Since
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, the values obtained by solving, i = 1, 2 will be minimum. Putting (15) and (16) equal to zero for case 1 and (20), (21) 2 1) 1 (1 ) 1 (2 1) ( 1 ) 1 1 (1 ) 0,
( 2 5 ) and
Special case on optimal solution
If β = 0, equations (25) and (26) 
Determination of optimal solution for complete lost sale (γ = 0)
In case of complete lost sale, the optimal policy is to have either no stock outs or all stock outs. If γ = 0, we do not order, therefore model is solved without any shortages.
Differentiating Z 1 (T 1 ) with respect to T 1 , we get ( ) T T = is obtained by solving The optimal value of T 1 = m * is obtained by solving 
Algorithm
The following algorithm is used to find optimum cost and economic order quantity:
Step 1 Obtain * 1
T from equation (25), if
Step 2 Obtain ** 1 T from equation (25), if ** 1 T m < and evaluate Z 2 (T 1 , T) from equation (14) else go to step 4 otherwise go to Step 5.
Step 4 If the condition T 1 ≥ m > T 2 and find minimum cost.
Step 5 Compare * * * 1 1 ( , ) Z T T and * * * * * 2 1 ( , ) Z T T and find minimum cost.
Step 6 If T) is the minimum cost.
Step 7 Compute Using above algorithm, minimum total average cost per unit time is Z 1 (T 1 , T) = * * * 1 1 ( , ) Z T T = $13,485.5 and minimum order quantity is Q =
Sensitivity analysis
We now study the effects of variations in the parameters A, h, b, s, p, and α, on the optimal total cost/cycle time. In this discussion, taking one parameter at a time and keeping all the remaining parameters the same. The results of sensitivity analysis are summarised in Tables 1 to 12 .
Case 1 Table 1 Change of Z 1 (T 1 , T) with respect to 'A' Case 2 
